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(54) Method and catalyst unit for treating dlesei engine exhaust 



(57) A method for the removal of particulate matter 
contained in exhaust gas from a diesel fuelled engine 
comprising passing the exhaust gas stream over a car- 
rier having supported thereon one or more inorganic 
compounds, which are in the form of a melt or in sub- 
cooled melt during contact with the exhaust gas stream; 

absorbing the particulate matter in the exhaust 
gas stream on the melt and/or subcooled melt of the 
inorganic compounds; 

burning off combustibles in the adsorbed particu- 
late matter, and 

withdrawing an exhaust gas stream being sub- 
stantially free of particulate matter 



Europaisches Patentamt ^ 
( 19 ) 0JJJ European Patent Off ice 

Office europeen des brevets 



CM 
< 

CO 
CO 



CO 



LU 



Printed by Rank Xerox (UK) Business Services 
2.13.16/3.4 



1 



EP 0 761 938 A2 



2 



Descripti n 

The present invention is directed to the treatment of 
diesel exhaust. More particular, the invention provides a 
method and assembly for the removal of noxious com- 5 
pounds being generated during operation of a diesel 
engine. 

r\ Exhaust from diesel engines contains beside gase- 

?■ bus emission contaminants particulate matters from 

inorganic compounds in diesel fuel together with soot 10 
particles being formed during operation of the engines. 

Particulate matter in the exhaust, and especially 
soot, is rich in harmful polynuclear organic compounds. 
Thus, for reasons of health and environment, it is 
required to remove at least soot from the exhaust. is 

In the past, various attempts have been made to 
provide methods, which reduce soot concentration in 
diesel exhaust to environmental acceptable levels. 

Those methods are generally based on filtration of 
exhaust Filters, recently suggested in the art, are in 20 
form of monolithic structured bodies with a plurality of 
straight line channels confined by porous walls. The 
channels are alternatingly open and closed at the inlet 
and outlet face of the filter in such a way that channels 
being open at the inlet face are closed at the outlet face. 25 
Exhaust gas being introduced into the filter is. thereby, 
forced through the porous walls into open ended outlet 
channels and soot in the exhaust is captioned on the 
walls as further described in DE 3,043,995 A1, EP 
87,067 and JP 63-282,51 5. *> 

At average operational condition of diesel engines, 
the temperature in the exhaust is not sufficiently high to 
burn off captioned soot particles and the particles clog 
the pore in the filter walls after a certain time on stream. 
Regeneration of the filters is carried out by periodical 35 
heating to the ignition temperature of deposited matter, 
either in situ or heat treatment of dismounted filters in an 
oven. As a drawback of the known wall flow filters, 
regeneration is energy consuming by the necessary 
application of external heat and requires usually disrup- 40 
tion of the normal operation mode of the engine during 
regeneration or replacement of spent filters. 

Continuous burning off soot particles captioned on 
walls of filters of the above type by catalytical sub- 
stances being active in reducing the ignition tempera- 45 
ture of diesel soot filtered out of the exhaust is 
mentioned in US Patent No. 4,515,758. 

Even the catalyzed wall flow filters allow regenera- 
tion at lower temperatures, a disadvantage of the filters 
is similar to the previous monolithic filter high pressure sc 
drop caused by passage of exhaust through porous 
walls of the filter, which reduces the efficiency of the die- 
sel engine. 

A general object of this invention is to provide a 
method and a catalyst unit for the removal of particulate 51 
matter typically in the form of soot from diesel exhaust 
without the drawbacks and disadvantages of the known 
filters. 

It has been observed that catalytic combustion rate 



of combustible particulate matter on surfaces depends 
on the efficiency of the surface to make contact with par- 
ticles. The contact efficiency is related to the capacity of 
the surface to wet deposited particles. High wetting 
capacities, and thus improved catalytic efficiency in the 
combustion of combustible material contained in diesel 
exhaust, are obtained on surfaces with catalytic active 
materials having a melting point at approximately the 
same temperature as the temperature of the gas during 
contact with the surface. 

Pursuant to the above observations, the method of 
this invention is a method for the removal of particular 
matter contained in exhaust gas from a diesel fueled 
engine comprising passing the exhaust gas stream over 
a surface having adsorbed thereon one or more inor- 
ganic compounds, which are in the form of a melt or a 
subcooled melt during contact with the exhaust gas 
stream; 

adsorbing the particulate matter in the exhaust 
gas stream on the melt and/or the subcooled melt of the 
inorganic compounds; and 

burning off combustibles in the adsorbed particu- 
late matter, thereby obtaining an exhaust gas stream 
being substantially free of particulate matter and com- 
bustibles. 

At usual operational conditions, the exhaust gas 
temperature of a diesel engine is for the most part of the 
operation time below 400°C. whereas the ignition tem- 
perature of soot, the main particulate component in die- 
sel exhaust is above 500°C. 

Thus, in order to provide the necessary contact effi- 
ciency at usual operation of the diesel engine, the inor- 
ganic compounds must have a melting point not higher 
than about 500°C, preferably not higher than about 
400°C. 

It is further important that soot deposed on the inor- 
ganic melt or subcooled melt is burnt off continuously 
within the normal temperature interval of the diesel 
exhaust in order to avoid clogging of the adsorbing sur- 
face. 

Preferred inorganic compounds for use in the inven- 
tion are those having a melting point in the range of 300- 
500°C and being catalytic active in the burning of soot. 

Compounds being usually employed in the cata- 
lyzed burning of soot are oxides of vanadium, tungsten, 
copper, mangan, cobolt, molybdenum, silver and chro- 
mium. However, the above metal oxides have a melting 
point, which is much higher than the exhaust gas tem- 
perature at normal operation of the diesel engine. 

The melting point may be lowered by introducing 
defects in the metal oxide lattice. Furthermore, sul- 
phates and, in particular, pyrosulphates of some of the 
above metals have a melting point, which is sufficiently 
low for use in the invention. 

Eutectic compositions, having a melting point within 
the required range, include one or more of the above 
catalytic active metals and are based on mixtures corn- 
prising two or more oxides, sulphates, vanadates and/or 
mobates of cesium, potassium, sodium, zinc and cop- 
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per CsgO -V 2 05, K 2 0 -V^s, Na 2 0 -V^, CsV0 3 
• NaV0 3 -KV0 3 and K 2 S0 4 • Na 2 S0 4 -ZnSCV 
CuS0 4 . KCuNb0 4 and mixtures thereof. 

When used as catalyst in the burning of soot, the 
above compositions will typically be supported by con- 
ventional procedures on a porous carrier of alumina, 
titania, magnesia, silica, zirconia or mixtures thereof in 
form of particles, fibres or geometrical bodies with a 
high surface to volume ratio to provide efficient contact 
with the exhaust gas. 

Useful catalysts for use in the invention are in par- 
ticular prepared by compressing a mineral wool carrier 
to a catalytic filter body and coating the above eutectic 
compositions on the surface of the carrier. 

In the fibrous catalysts carrier two important param- 
eters for the efficiency are the fibre diameter and the 
porosity of the carrier. The fibre diameters are control- 
led in the fibre manufacturing process while the porosity 
of the final diesel soot catalyst is controlled by the pack- 
ing of the fibres. 

One way of achieving an efficient catalyst is by 
using mineral wool like Rockwool batches, which are 
packed to a given porosity, meanwhile it is burnt at a 
temperature above the glass transition temperature for 
the fibre material When the glass transfer temperature 
is reached, the fibres are sintered together creating a 
crosslinked pattern. The temperature and the time for 
sintering mineral wool is typically 700°C for 1 to 10 h. 
The porosity varies then between 50% and 95% in the 
final product. 

The fibres may further be treated with a sol, for 
example a silica sol, to obtain better mechanical proper- 
ties by providing links between the f ibres. The sol treat- 
ment results in improved adhesion of the catalytic 
material active in lowering the activation energy in the 
combustion os soot. 

The catalysts may be loaded in fixed bed manner in 
a contact vessel. 

Further useful catalyst shapes are the monolith or 
honeycomb type carriers with a plurality of open pas- 
sages extending through the catalyst structure from an 
inlet to a separate outlet Those catalysts provide a high 
geometric surface with a low resistance to gas flow. 

Removal of particulate matter during passage of 
diesel exhaust through the above multichannel catalyst 
bodies requires turbulent gas flow in order to promote 
mass transport of particles to the channel walls. Turbu- 
lent or swirling flow in straight channel monolithic carri- 
ers is observed mainly past edges at the inlet section for 
the gas. 

Thus, a monolithic or honeycomb structured cata- 
lyst unrt with high efficiency in the removal of particulate 
matter from diesel exhaust mainly comprises at least a 
section with a series of subsequent monolith slices with 
straight channels. The slices are arranged spaced apart 
from each other in a housing, so that exhaust gas being 
introduced into the catalyst unit is transferred to a turbu- 
lent or swirling flow by impact on edges at the inlet sec- 
tion of each monolith slice, and particulate matter in the 



gas is transported to and deposited on channel walls of 
the slices. 

The invention may further be carried out in a cata- 
lyst unit constructed as a regenerative system with a 

5 catalyst chamber being provided at its inlet end and out- 
let end with a regenerator in form of a packed bed of 
ceramic bodies or a monolithic structure being able to 
store heat contained in hot exhaust gas leaving the cat- 
alyst chamber. In such a unit, diesel exhaust gas is 

io passed in alternating flow directions through the regen- 
erators and the catalyst chamber. Cold exhaust gas is 
passed through a regenerator at the inlet of catalyst 
chamber. The gas is thereby preheated in the regener- 
ator to a temperature allowing catalytic combustion of 

is particulate matter in the catalyst chamber. 

By combustion the gas temperature rises in the cat- 
alyst chamber, and hot cleaned exhaust gas is with- 
drawn from the unit through the regenerator at the outlet 
of the chamber. Thereby, the regenerator is heated by 

20 excess heat of the hot exhaust gas. After a certain oper- 
ational time, the flow of cold exhaust gas is in a subs - 
quent operational cycle reversed and the gas is 
introduced into the regenerator having been heated by 
hot exhaust in the previous operational cycle. 

25 Accordingly, the invention provides furthermore a 
regenerative catalyst unit for use in the removal of par- 
ticulate matter from diesel exhaust gas. the catalyst unit 
comprises at least one catalyst chamber holding a cat- 
alyst having one or more inorganic compounds sup- 

30 ported on a porous surface, which inorganic 
compounds are in the form of a melt or in subcooled 
melt during contact with the exhaust gas and are active 
in the burning of particulate matter; 

a regenerator at the inlet and outlet end of the 

35 catalyst chamber, the regenerator is in the form of a 
fixed bed with ceramic bodies with high heat storage 
capacity, 

where direction of flow of the exhaust gas is peri- 
odically reversed, so that the exhaust gas is preheated 

40 in the inlet regenerator by heat contained in hot exhaust 
gas being withdrawn from the catalyst chamber and 
being passed through the regenerator prior to reversal 
of the exhaust gas flow direction. 

In a preferred form of construction, the regenerate 

45 catalyst unit is provided with two catalyst chambers 
between the regenerators and a heating chamber 
between the catalyst chambers, the heating chamber is 
equipped with a heater, e.g. a burner or an electrical 
heater supplying heat to the exhaust gas leaving the 

so first catalyst chamber. 

In either form of construction, the catalyst cham- 
bers are preferably loaded with supported catalyst par- 
ticles, or monolithic catalyst bodies as previously 
described. 

55 

Example 1 

A eutectic composition with the formular 
CsKNao. 1V3.3O9.3 was prepared by mixing CSgO • 
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V 2 0 5 , K 2 0 • V 2 0 5 and Na 2 0 • V 2 0 5 in a mole ratio of 
1:1:0.1. 

The melting point of the composition was deter- 
mined by thermal gravimetric analysis TGA to 338°C. 

2% by weight of soot were admixed to a test sample 
of the above composition and soot combustion meas- 
ured by TGA. 

Combustion start of soot was measured at 304°C 
With a maximum in the combustion rate at 380°C. 

Example 2 

A eutectic composition with the formula 
CsK^ 9 Na 0 n V 3 3 Nbo.9Cuo. 9 Oi 2 .9 prepared by admixing 
to the eutectic composition prepared in Example 1 mole 
KCuNb0 4 per mole of . the eutectic composition has a 
melting point of 421 °C as measured by TGA. Soot 
admixed to the composition (2% by weight) burnt off at 
a start temperature of 259°C with a maximum combus- 
tion rate at 320°C. 

Example 3 

A Rockwool carrier was coated with an eutectic 
composition of the formula: 

CSKo. 5 Nao.8 V 3 . 6 NbCu0 13 . 6 

by impregnating the carrier with: 

5.6 wt% Cs 
2.5 wt% Cu 
3.9 wt% Nb 
0.8 wt% Na 
8.1 wt%oK 

7.7 wt% V 

with an aqueous solution containing soluble salts of the 
above components. 

The impregnated carrier was tested in the burning 
of soot from diesel exhaust. 

Combustion of soot initiated at 240°C with a maxi- 
mum combustion activity at 360°C. 

Claims 

1 . A method for the removal of particulate matter con- 
tained in exhaust gas from a diesel fuelled engine 
comprising passing the exhaust gas stream over a 
carrier having supported thereon one or more inor- 
ganic compounds, which are in the form of a melt or 
in subcooled melt during contact with the exhaust 
gas stream: 

absorbing the particulate matter in the 
exhaust gas stream on the melt and/or subcooled 
melt of the inorganic compounds; 

burning off combustibles in the adsorbed 
particulate matter, and 

withdrawing an exhaust gas stream being 
substantially free of particulate matter. 



2. Method according to claim 1, wherein the inorganic 
compounds have a melting point less than 500°C. 

3. Method according to claim 1 , wherein the inorganic 
5 compounds have a melting point in the range of 

300°C to 500°C and are catalytic active in the burn- 
ing of soot. 

4. Method according to claim 1, wherein the inorganic 
w compounds are selected from eutectic composi- 
tions of CsaO • V 2 0 5 . K 2 0 • V 2 0 5 , Na 2 0 -V 2 0 5 , 
CsV0 3 *NaV0 3 •KV0 3 . K 2 S0 4 • Na 2 S0 4 -Zn 
SCVCuS0 4 , KCuNb0 4 and mixtures thereof. 

15 5. Method according to claim 1, wherein the carrier 
consists of mineral fibres. 

6. Method according to claim 1. wherein the carrier 
consists of a monolithic body. 

20 

7. A regenerative catalyst unit for use in the removal of 
particulate matter from diesel exhaust gas, the cat- 
alyst unit comprises at least one catalyst chamber 
holding a catalyst having supported on a porous 

25 surface thereof one or more inorganic compounds, 
which are in the form of a melt or in subcooled melt 
during contact with the exhaust gas and are active 
in the burning of particulates, and a regenerator at 
the inlet and outlet end of the catalyst chamber, the 

30 regenerator is in the form of a fixed bed with 
ceramic bodies with high heat storage capacity, 
where direction of flow of the exhaust gas is period- 
ically reversed, so that the exhaust gas is pre- 
heated in the inlet regenerator by heat contained in 

35 hot exhaust gas being withdrawn from the catalyst 
chamber and having been passed through the 
regenerator prior to reversal of the exhaust gas flow 
direction. 

40 8. Regenerative catalyst unit according to claim 8, 
wherein the unit is provided with two catalyst cham- 
bers between the regenerators and a heating 
chamber between the catalyst chambers. 

45 9. Regenerative catalyst unit according to claim 9, 
wherein the heating chamber is provided with a 
heater. 
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